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Abstract
Background: Currently, both the step-up approach, combining percutaneous drainage (PD) and video-assisted
retroperitoneal debridement (VARD), and endoscopic transgastric necrosectomy (ETN) are mini-invasive techniques
for infected necrosis in severe acute pancreatitis. A combination of these approaches could maximize the
management of necrotizing pancreatitis, conjugating the benefits from both the experiences. However, reporting of
this combined strategy is anecdotal. This is the first reported case of severe necrotizing pancreatitis complicated by
biliary fistula treated by a combination of ETN, PD, VARD, and endoscopic biliary stenting. Moreover, a systematic
literature review of comparative studies on minimally invasive techniques in necrotizing pancreatitis has been
provided.
Case presentation: A 59-year-old patient was referred to our center for acute necrotizing pancreatitis associated
with multi-organ failure. No invasive procedures were attempted in the first month from the onset: enteral feeding
by a naso-duodenal tube was started, and antibiotics were administered to control sepsis. After 4 weeks, CT scans
showed a central walled-off pancreatic necrosis (WOPN) of pancreatic head communicating bilateral retroperitoneal
collections. ETN was performed, and bile leakage was found at the right margin of the WOPN. Endoscopic
retrograde cholangiopancreatography confirmed the presence of a choledocal fistula within the WOPN, and a
biliary stent was placed. An ultrasound-guided PD was performed on the left retroperitoneal collection. Due to the
subsequent repeated onset of septic shocks and the evidence of size increase of the right retroperitoneal collection,
a VARD was decided. The CT scans documented the resolution of all the collections, and the patient promptly
recovered from sepsis. After 6 months, the patient is in good clinical condition.
Conclusions: No mini-invasive technique has demonstrated significantly better outcomes over the others, and
each technique has specific indications, advantages, and pitfalls. Indeed, ETN could be suitable for central WOPNs,
while VARD or PD could be suggested for lateral collections. A combination of different approaches is feasible and
could significantly optimize the clinical management in critically ill patients affected by complicated necrotizing
pancreatitis.
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Background
Severe necrotizing pancreatitis is related to a high mortality
rate, ranging from 20% in patients with sterile necrosis up
to 40% in case of infected necrosis associated with multi-
organ failure (MOF) [1, 2]. Therefore, occurrence of severe
sepsis doubles the risk of death, and this mortality is even
higher with increasing age [2, 3]. Early open surgery has
been initially proposed for necrotizing pancreatitis, but
poor outcomes were observed due to the high risk of
bleeding and pancreatic or colonic fistula, leading to a peri-
operative morbidity of 50–60% and a mortality rate equal
to 20–25% [4, 5]. Since early open surgery could worsen
prognosis, nowadays, other less invasive procedures, such
as percutaneous drainage (PD), endoscopic transgastric
necrosectomy (ETN), or video-assisted retroperitoneal
debridement (VARD) are suggested [5, 6]. Therefore, open
surgical necrosectomy with repeated laparotomies is
considered the last choice whereas other therapeutic
options have failed. Currently, the step-up approach, which
includes PD possibly followed by VARD or endoscopic
transluminal drainage followed by ETN, is proposed as a
standard of care for necrotizing pancreatitis [6]. However,
few trials have compared the step-up approach with open
necrosectomy; therefore, a consensus on the best timing
and management of these techniques is lacking [6, 7].
Moreover, the percutaneous step-up approach is certainly
useful for lateral fluid or necrotic collections, but its role
for medial collections (such as those posteriorly to the
stomach) is much more controversial, and ETN could be
more suitable in these cases [6]. Combined approaches
could conjugate benefits from both endoscopic and percu-
taneous or minimally invasive drainages, thus representing
a possible solution for severe necrotizing pancreatitis, but
they are anecdotal and rarely reported in literature above
all in case of pancreatitis-related complications [8]. Par-
ticularly, biliary fistula involving the common bile duct
is a rare complication of acute necrotizing pancreatitis,
its pathogenesis is supposed to be related to the necro-
tizing inflammatory process and its management is
considered to be extremely difficult [9]. Here, we
present the first case in our knowledge of a patient
affected by severe necrotizing pancreatitis complicated
by biliary fistula, successfully treated by a combined
minimally invasive approach conjugating ETN, PD, VARD,
and endoscopic retrograde cholangiopancreatography
(ERCP) with biliary stenting.
Case presentation
A 59-year-old man was admitted to a community hospital
for worsening abdominal pain in the upper quadrants with
jaundice (total bilirubin 13.4 mg/dL) and evidence of
highly elevated serum amylase (5400 U/L). An abdominal
ultrasound showed cholelithiasis with common bile duct
dilatation due to biliary sludge. Due to the presence of
biliary obstruction, an ERCP was attempted but failed due
to impossible cannulation of the papilla; therefore, the
procedure was immediately interrupted. Moreover, 2 days
after patient hospitalization in the primary hospital, his
clinical conditions worsened by the development of MOF,
since acute respiratory distress syndrome (ARDS) and
acute renal failure with anuria occurred. Therefore, the
patient underwent endotracheal intubation and was
referred to the intensive care unit of our referral tertiary
center. The patient had no relevant past history or
medications. On admission at our hospital, the patient
presented with elevated serum creatinine (4.26 mg/dL,
normal range 0.7–1.2 mg/dL) and blood urea nitrogen
(111 mg/dL, normal range 18–48 mg/dL). The serum
amylase was equal to 233 U/L (normal range 28–100 U/L),
and the total bilirubin was 8.33 mg/dL (normal range 0.25–
1 mg/dL). A marked anemia was evident (hemoglobin
7.8 g/dL, hematocrit 23.6%) without leukocytosis. Arterial
blood gas analysis revealed hypoxia without acidosis (pH
7.41, base excess −0.2, lactate 1 mmol/L). The APACHE II
score at admission was 30. Enteral feeding was started
immediately upon naso-duodenal tube placement, and
continuous veno-venous hemofiltration (CVVH) was
introduced for acute renal failure also considering the
occurrence of hyperkalemia up to 6 mmol/L. Continuous
vasopressor support was not necessary, as hemodynamic
stability was maintained by fluid infusion.
However, several episodes of shock associated with
hyperpyrexia up to 38.5 °C occurred and required short-
course treatment with vasopressor. These episodes were
hemodynamically consistent with septic shock, but blood
cultures were initially negative, as well as skin and mu-
cosal swabs. Only urine cultures were found positive for
Escherichia coli; therefore, piperacillin/tazobactam ther-
apy was started based on antibiograms. Due to persistent
ARDS with PaO2/FiO2 ratio <100 mmHg, the patient
needed prolonged artificial ventilation, and a percutan-
eous tracheostomy was performed. Several attempts of
weaning from mechanical ventilation failed. Intra-
abdominal pressure was monitored, being constantly
equal to 12 mmHg. Abdominal ultrasound confirmed
the presence of distended gallbladder with multiple
gallstones and biliary sludge without signs of acute
cholecystitis, but common bile duct diameter was nor-
mal, apparently with no more evidence of obstructing
sludge into the biliary tree.
The patient underwent CT scan which showed acute
necrosis of the cephalic portion of the pancreas, with
reduced enhancement in pancreatic tail and a 11 ×
5.5 cm fluid collection in the right retroperitoneal space
(Fig. 1). Severe edema of peri-pancreatic adipose tissue
was documented, with abdominal and pelvic effusion.
Urine iodine excretion was negligible, and bilateral
pleural effusion was documented. Weekly follow-up CT
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scans demonstrated the appearance of a 13 × 9 cm highly
dense retroperitoneal collection cranial to the pancreatic
head communicating with another 6 × 5 cm collection
near the left hepatic lobe. Head and neck of the pancreas
were no more recognizable, and a significant compres-
sion was evident on portal vein. Moreover, a progressive
increase in bilateral retroperitoneal fluid collections was
detected, as well as a further 12 × 4 cm necrotic collection
under the uncinate process.
Four weeks after the admission, these collections were
in communication with a unique large 24 × 10 cm retro-
peritoneal collection characterized by a partially fluid
content. Also, the necrotic collection cranial to the
pancreatic head connected with the left hepatic lobe
collection augmented, with a diameter of 15 × cm, and
acquired features of walled-off pancreatic necrosis
(WOPN) (Fig. 2). Due to the worsening of retro-gastric
WOPN with gastroduodenal extrinsic compression and
the clinical evidence of ongoing sepsis, the patient was
subjected to ETN of the WOPN. A 1.6 × 2 cm metallic
stent (Niti-S yo-yo stent, Taewoong, South Korea) was
positioned, draining abundant necrotic and purulent
material, and a 6-Fr naso-cystic tube was then posi-
tioned to guarantee continuous irrigation of the drained
WOPN with 2 L saline/die (Fig. 3a). Cultures on puru-
lent material revealed the presence of Stenotrophomonas
maltophilia and blood cultures were positive for E. coli;
therefore, antibiotics cefotaxime and sulfamethoxazole/
trimethoprim were started targeted on antibiograms.
Endoscopic transgastric pancreatic necrosectomy was
repeated two times over the following 2 weeks, and dur-
ing the last endoscopy, a biliary leakage was encountered
from an unspecified site on the right margin of the
WOPN. Subsequently, the patient repeated abdominal
CT scan which confirmed a significant reduction of the
WOPN, being 5.6 × 4.3 cm, while the large right and left
retroperitoneal collections increased in size (Fig. 3b, c).
Then, an ultrasound-guided PD was performed of the
left retroperitoneal collection, positioning a 10-Fr drainage
tube (Fig. 3d). Due to size reduction of the WOPN and
consequent less extrinsic compression on the duodenum,
an ERCP became feasible. ERCP confirmed a biliary fistula
from the distal third of the common bile duct to the
WOPN cavity; therefore, sphincterotomy of papilla was
performed and a 6 mm× 4 cm fully covered metallic
biliary stent (Wallflex, Boston Scientific, Boston, MA,
USA) was positioned (Fig. 4a). Endoscopic second-look
documented almost complete debridement of the WOPN.
The following CT scans showed a progressive reduc-
tion of both the WOPN and the left retroperitoneal
collection but only a modest decrease of the large right
retroperitoneal necrotic collection which appeared only
partially liquefied. Moreover, the patient remained febrile
despite meropenem, colistin, and fluconazole were
started after Klebsiella pneumoniae carbapenemase-
producing bacteria and Candida albicans were isolated
on pus collected from abdominal drainage and on blood
cultures. Therefore, VARD was decided 2 weeks after the
last ETN. The patient was positioned on the left flank;
the right lower costal margin and the iliac crest were
marked on the skin. Ultrasound was used to localize the
necrotic retroperitoneal tissue underlying the skin be-
tween markings and a 5-cm incision was performed on
this site, about 2 cm above the iliac crest. Once the
access to the retroperitoneal space is completed, necrotic
material was evacuated by aspiration. Then, a 10-mm
laparoscope was inserted through the incision without
gas insufflation, and the right retroperitoneal space was
explored. Debridement of necrotic material was per-
formed by forceps and with a laparoscopic jet irrigation/
suction device, and a plentiful quantity of infected debris
was evacuated. When the descending part of the duode-
num was visualized frontally, with the inferior vena cava
being visible inferiorly and the right mesocolon super-
iorly, the VARD was considered completed (Fig. 5a). The
Fig. 1 First CT scans at admission. Acute pancreatic necrosis and edema
of pancreatic tail and surrounding adipose tissue are visible (arrows)
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retroperitoneal space was then flushed with 4 L saline
solution, and two 32-Fr drainages were positioned super-
iorly and inferiorly; the fascia and skin were closed
(Fig. 5b). The procedure was uneventful, and no bleed-
ing occurred intraoperatively or in the post-operative
course. A continuous irrigation with 5 L saline solution
was infused in 24 h via the superior drainage, and fluids
were collected by the inferior drainage.
Subsequently, a gradual decrease of inflammatory
markers was recorded together with an improvement of
clinical conditions, and the patient became afebrile after
6 days from the VARD. The following CT scan demon-
strated a significant reduction of all abdominal collec-
tions, being the right retroperitoneal collection sized
7.5 × 4 cm (Fig. 6). No biliary material was detected in
drainages. Two weeks after VARD, all antibiotics were
stopped, creatinine and serum electrolytes were in nor-
mal ranges, and CVVH was terminated. The patient was
completely weaned from lung ventilation and fluid
challenge, and tracheostomy was closed. Enteral feeding
from naso-duodenal tube was continued; the patient was
discharged from the intensive care unit and transferred
Fig. 2 CT scans after 4 weeks. Acute pancreatic necrosis is replaced by a central walled-off pancreatic necrosis (a, arrow) and lateral retroperitoneal fluid
collections (b, arrows)
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to the surgical ward. Subsequent CT scan showed
further reduction of all intra-abdominal collections and
the left drainage was removed, while only one right
drainage positioned after VARD was left and continued
to drain purulent material. The patient gradually started
per os feeding and enteral feeding stopped. After 3 weeks,
CT scan was repeated and documented reduction of the
right retroperitoneal collection and the large right drain-
age was therefore replaced with a 10-Fr drainage which
was removed after 2 weeks. The patient was discharged in
good clinical conditions, and 1 month after discharge, a
CT scan demonstrated resolution of the intra-
abdominal collections. A subsequent ERCP was per-
formed to remove the biliary stent but a common bile
duct post-inflammatory stenosis was detected; there-
fore, a new 8 mm × 6 cm fully covered metallic biliary
stent (Wallflex, Boston Scientific, Boston, MA, USA)
was positioned (Fig. 4b). After 2 months, the transgastric
metallic stent used for ETN and biliary stent were both
removed, with no residual structure of the bile duct.
Literature review
A systematic review was performed by searching in
PubMed the following keywords: “necrotizing pancreatitis”
AND “necrosectomy” OR “VARD” OR “percutaneous
drainage” OR “walled-off pancreatic necrosis”. Only
comparative studies or randomized clinical trials about in-
terventions for necrotizing pancreatitis, from 2000 to
2017, were included. Sixty-eight studies were found and
analyzed: 11 were excluded due to a single-arm design
without a control group, 28 were excluded because they
were not relevant or off-topic, 2 were excluded because
outcomes were not properly reported, and 10 were
excluded because they were not in English language.
Therefore, a total of 18 studies were included in the
systematic review (Table 1).
Since the open necrosectomy with lateral approach
proposed by Fagniez for peri-pancreatic debridement
through the retrocolic space, various mini-invasive tech-
niques have been described to replace such a compli-
cated surgery [4, 6]. Carter et al. initially described a
novel technique of mini-invasive percutaneous necro-
sectomy by positioning under CT guidance an 8-F
nephrostomy catheter into the necrotic cavity, by pass-
ing between the spleen and the splenic flexure of the
colon on the left side, or through the gastrocolic omentum
on the right side [10]. The path traced by this catheter
was therefore gradually dilated by the surgeon to insert a
Fig. 3 a–d Transgastric necrosectomy and percutaneous drainage. The central necrotic collection has been almost completely solved after
transgastric necrosectomy (a, arrow), and a percutaneous drainage was performed on the left retroperitoneal collection (d, arrow)
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Fig. 4 ERCP and biliary stenting. Cholangiography confirmed an intrapancreatic biliary leak (arrow), and a 18 Fr × 4 cm biliary stent was positioned (a).
ERCP after patient discharge demonstrated a common bile duct post-inflammatory stenosis (arrow), and a 24 Fr × 6 cm biliary stent was positioned (b)
Fig. 5 Video-assisted retroperitoneal debridement. VARD was performed on the right retroperitoneal necrotic collection (a). Two large bore drains
were left for lavage and drainage of the necrotic cavity (b)
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30-F Amplatz, and necrosectomy was finally performed
with the aid of an operative nephroscope. A post-
operative continuous lavage was then allowed through
positioned drains. In case of need to repeat necrosectomy,
this was performed by sinus tract endoscopy using a
flexible or rigid endoscope through the precedent percu-
taneous path, with the aid of endoscopic snares or forceps.
Percutaneous necrosectomy performed after prior open
surgery was compared to percutaneous necrosectomy as a
first-line treatment in a comparative study on 14 patients
affected by necrotizing pancreatitis: interestingly, in the
latter group, open surgery was safely avoided in 80% of
patients who were discharged after a median of 3 percu-
taneous procedures only [10]. Moreover, only 40% of these
patients required post-operative intensive care unit (ICU).
However, 20% mortality was reported with upfront
percutaneous necrosectomy vs. 0% in patients previously
treated with open necrosectomy.
After that initial experience, subsequent studies have
systematically compared open necrosectomy to percu-
taneous necrosectomy or VARD, to assess if these
minimally invasive retroperitoneal approaches were
associated with better outcomes in terms of complica-
tions, mortality, and length of stay. van Santvoort and
the Dutch Acute Pancreatitis Study Group have pub-
lished in 2007 a comparative study on 30 patients with
infected necrotizing pancreatitis: 15 patients who were
treated by VARD were case-matched and compared to
15 patients subjected to standard open necrosectomy
by laparotomy [11]. No significant differences were ob-
served both in post-operative complications requiring re-
intervention (p = 1.000) and in mortality rate (p = 0.08),
but new-onset MOF occurred more frequently in the open
necrosectomy group (p = 0.008). These results were
encouraging and advocated the need of a randomized
controlled trial on this topic.
Three years later, the same research group published
the first randomized clinical trial on open necrosectomy
vs. step-up approach with PD followed by VARD if ne-
cessary in a cohort of 88 patients affected by necrotizing
pancreatitis, who were randomly assigned to the two
treatment arms [7]. A significant reduction of new-onset
MOF was confirmed with the step-up approach (12 vs.
40% with open necrosectomy, p = 0.002), as well as
incisional hernias (7 vs. 24%, p = 0.03) and new-onset
diabetes (16 vs. 38%, p = 0.02). Interestingly, major
complications including visceral perforation, entero-
cutaneous or pancreatic fistula, and bleeding occurred in
Fig. 6 a–d CT scans after VARD. After transgastric necrosectomy, VARD, and percutaneous drainage, all the retroperitoneal necrotic collections
dramatically reduced (arrows)
Sorrentino et al. World Journal of Emergency Surgery  (2017) 12:16 Page 7 of 14
Ta
b
le
1
M
ai
n
st
ud
ie
s
as
se
ss
in
g
m
in
im
al
ly
in
va
si
ve
te
ch
ni
qu
es
fo
r
se
ve
re
ne
cr
ot
iz
in
g
pa
nc
re
at
iti
s
St
ud
y
D
es
ig
n
N
um
be
r
of
ca
se
s
O
ut
co
m
es
Li
m
ita
tio
ns
va
n
Sa
nt
vo
or
t
et
al
.[
7]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.P
D
±
VA
RD
,r
an
do
m
iz
ed
co
nt
ro
lle
d
tr
ia
l
88
pa
tie
nt
s
(4
5
op
en
ne
cr
os
ec
to
m
y
vs
.4
3
PD
±
VA
RD
)
M
aj
or
co
m
pl
ic
at
io
ns
oc
cu
rr
ed
in
69
%
of
op
en
ne
cr
os
ec
to
m
y
pa
tie
nt
s
vs
.4
0%
of
PD
±
VA
RD
pa
tie
nt
s
(p
=
0.
00
6)
;o
pe
n
ne
cr
os
ec
to
m
y
w
as
as
so
ci
at
ed
w
ith
m
or
e
in
ci
si
on
al
he
rn
ia
s
(p
=
0.
03
)
an
d
ne
w
-o
ns
et
di
ab
et
es
(p
=
0.
02
).
M
or
ta
lit
y
w
as
no
t
di
ffe
re
nt
.
Tr
ia
ln
ot
de
si
gn
ed
to
as
se
ss
di
ffe
re
nc
es
in
m
or
ta
lit
y.
Ba
kk
er
et
al
.[
22
]
ET
N
vs
.V
A
RD
or
op
en
ne
cr
os
ec
to
m
y,
ra
nd
om
iz
ed
co
nt
ro
lle
d
tr
ia
l
20
pa
tie
nt
s
(1
0
ET
N
vs
.1
0
VA
RD
/
op
en
ne
cr
os
ec
to
m
y)
ET
N
re
du
ce
d
bo
th
th
e
pr
oi
nf
la
m
m
at
or
y
re
sp
on
se
(p
<
0.
00
4)
an
d
m
aj
or
co
m
pl
ic
at
io
ns
,m
ul
tip
le
or
ga
n
fa
ilu
re
or
de
at
h
(p
=
0.
03
)
Sm
al
ln
um
be
r
of
pa
tie
nt
s
Ba
us
ch
et
al
.[
23
]
VA
RD
vs
.E
TN
vs
.o
pe
n
ne
cr
os
ec
to
m
y,
re
tr
os
pe
ct
iv
e
st
ud
y
32
pa
tie
nt
s
(1
4
VA
RD
vs
.1
8
ET
N
vs
.
30
op
en
ne
cr
os
ec
to
m
y)
O
pe
n
ne
cr
os
ec
to
m
y
ha
d
hi
gh
er
ov
er
al
lm
or
ta
lit
y
(p
<
0.
05
),
on
go
in
g
se
ps
is
ra
te
s
an
d
bl
ee
di
ng
s;
ET
N
w
as
co
m
pl
ic
at
ed
by
ga
st
ric
pe
rfo
ra
tio
n
in
28
%
of
ca
se
s
re
qu
iri
ng
im
m
ed
ia
te
la
pa
ro
to
m
y
Sm
al
ln
um
be
r
of
pa
tie
nt
s,
re
tr
os
pe
ct
iv
e
st
ud
y.
va
n
Br
un
sc
ho
t
et
al
.[
24
]
En
do
sc
op
ic
tr
an
sg
as
tr
ic
dr
ai
na
ge
±
ET
N
vs
.P
D
±
VA
RD
,r
an
do
m
iz
ed
co
nt
ro
lle
d
tr
ia
l
98
pa
tie
nt
s
En
d-
po
in
ts
ar
e
ra
te
s
of
m
aj
or
co
m
pl
ic
at
io
ns
,n
ee
d
fo
r
re
-in
te
rv
en
tio
ns
,q
ua
lit
y
of
lif
e,
an
d
co
st
-a
na
ly
si
s
be
tw
ee
n
en
do
sc
op
ic
st
ep
-u
p
ap
pr
oa
ch
an
d
su
rg
ic
al
st
ep
-u
p
ap
pr
oa
ch
.
Re
su
lts
ar
e
st
ill
aw
ai
te
d.
Re
su
lts
st
ill
aw
ai
te
d
Ku
m
ar
et
al
.[
19
]
ET
N
vs
.P
D
±
op
en
ne
cr
os
ec
to
m
y,
m
at
ch
ed
co
ho
rt
st
ud
y
24
pa
tie
nt
s
(1
2
ET
N
vs
.1
2
PD
±
op
en
ne
cr
os
ec
to
m
y)
ET
N
w
as
su
pe
rio
r
in
cl
in
ic
al
re
m
is
si
on
ra
te
(p
<
0.
01
)
an
d
re
du
ce
d
m
aj
or
co
m
pl
ic
at
io
ns
,l
en
gt
h
of
st
ay
,
an
d
po
st
-o
pe
ra
tiv
e
he
al
th
ca
re
ut
ili
za
tio
n
(p
<
0.
01
).
Sm
al
ln
um
be
r
of
pa
tie
nt
s.
Ra
sc
h
et
al
.[
25
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.e
nd
os
co
pi
c
tr
an
sg
as
tr
ic
dr
ai
na
ge
±
ET
N
±
PD
,
re
tr
os
pe
ct
iv
e
m
ul
tic
en
te
r
st
ud
y
22
0
pa
tie
nt
s
(3
0
op
en
ne
cr
os
ec
to
m
y
vs
.1
90
st
ep
-u
p
ap
pr
oa
ch
)
Lo
w
er
co
m
pl
ic
at
io
n
ra
te
(4
4.
7
vs
.7
3.
3%
,p
<
0.
00
1)
,
lo
w
er
m
or
ta
lit
y
(1
0.
5
vs
.3
3.
3%
,p
=
0.
00
2)
,a
nd
lo
w
er
in
ci
de
nc
e
of
di
ab
et
es
(4
.7
vs
.3
3.
3%
,p
<
0.
00
1)
w
as
de
m
on
st
ra
te
d
w
ith
st
ep
-u
p
ap
pr
oa
ch
co
m
pa
re
d
to
op
en
ne
cr
os
ec
to
m
y;
18
.9
%
of
st
ep
-u
p
ap
pr
oa
ch
pa
tie
nt
s
re
qu
ire
d
op
en
ne
cr
os
ec
to
m
y.
Re
tr
os
pe
ct
iv
e
st
ud
y
C
ar
te
r
et
al
.[1
0]
O
pe
n
ne
cr
os
ec
to
m
y
+
pe
rc
ut
an
eo
us
ne
cr
os
ec
to
m
y
vs
.u
pf
ro
nt
pe
rc
ut
an
eo
us
ne
cr
os
ec
to
m
y,
ca
se
se
rie
s
14
pa
tie
nt
s
(4
op
en
ne
cr
os
ec
to
m
y
vs
.1
0
pe
rc
ut
an
eo
us
ne
cr
os
ec
to
m
y)
U
pf
ro
nt
pe
rc
ut
an
eo
us
ne
cr
os
ec
to
m
y
by
si
nu
s
tr
ac
t
en
do
sc
op
y
ha
d
20
%
m
or
ta
lit
y
vs
.0
%
w
ith
op
en
ne
cr
os
ec
to
m
y,
bu
t
on
ly
40
%
of
pa
tie
nt
s
re
qu
ire
d
IC
U
(v
s.
10
0%
).
Re
tr
os
pe
ct
iv
e
ca
se
se
rie
s,
sm
al
l
nu
m
be
r
of
pa
tie
nt
s
G
ar
dn
er
et
al
.[
18
]
En
do
sc
op
ic
tr
an
sg
as
tr
ic
dr
ai
na
ge
vs
.
ET
N
,r
et
ro
sp
ec
tiv
e
st
ud
y
45
pa
tie
nt
s
(2
5
ET
N
vs
.2
0
en
do
sc
op
ic
tr
an
sg
as
tr
ic
dr
ai
na
ge
)
W
al
le
d-
of
f
pa
nc
re
at
ic
ne
cr
os
is
su
cc
es
sf
ul
ly
re
so
lv
ed
in
88
%
of
pa
tie
nt
s
tr
ea
te
d
w
ith
ET
N
vs
.4
5%
w
ith
en
do
sc
op
ic
dr
ai
na
ge
(p
<
0.
01
).
Re
tr
os
pe
ct
iv
e
st
ud
y,
re
fe
rr
al
ce
nt
er
bi
as
Ra
ra
ty
et
al
.[
12
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.V
A
RD
,
re
tr
os
pe
ct
iv
e
st
ud
y
18
9
pa
tie
nt
s
(5
2
op
en
ne
cr
os
ec
to
m
y
vs
.1
37
VA
RD
)
O
rg
an
fa
ilu
re
in
31
%
of
pa
tie
nt
s
tr
ea
te
d
by
VA
RD
vs
.
56
%
w
ith
op
en
ne
cr
os
ec
to
m
y
(p
<
0.
00
01
);
43
vs
.
77
%
re
sp
ec
tiv
el
y
re
qu
ire
d
IC
U
su
pp
or
t.
M
or
ta
lit
y
ra
te
w
as
19
%
w
ith
VA
RD
vs
.3
8%
w
ith
op
en
ne
cr
os
ec
to
m
y
(p
=
0.
00
9)
.
Re
tr
os
pe
ct
iv
e
st
ud
y,
re
fe
rr
al
ce
nt
er
bi
as
G
uo
et
al
.[
14
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.r
et
ro
pe
rit
on
ea
l
ne
cr
os
ec
to
m
y,
re
tr
os
pe
ct
iv
e
st
ud
y
41
2
pa
tie
nt
s
(1
08
re
tr
op
er
ito
ne
al
ne
cr
os
ec
to
m
y
vs
.3
04
op
en
ne
cr
os
ec
to
m
y)
M
or
ta
lit
y
ra
te
w
as
8.
3%
w
ith
re
tr
op
er
ito
ne
al
ne
cr
os
ec
to
m
y
vs
.2
0.
4%
w
ith
op
en
ne
cr
os
ec
to
m
y
(p
=
0.
00
4)
;c
om
pl
ic
at
io
ns
ra
te
an
d
m
ea
n
IC
U
st
ay
w
er
e
si
gn
ifi
ca
nt
ly
lo
w
er
.
Re
tr
os
pe
ct
iv
e
st
ud
y
Ta
n
et
al
.[
20
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.E
TN
,m
ul
tic
en
tr
ic
re
tr
os
pe
ct
iv
e
st
ud
y
32
pa
tie
nt
s
(2
1
op
en
ne
cr
os
ec
to
m
y
vs
.1
1
ET
N
)
A
cu
te
co
m
pl
ic
at
io
ns
ra
te
w
as
86
%
in
op
en
ne
cr
os
ec
to
m
y
vs
.2
7%
w
ith
ET
N
(p
=
0.
00
2)
,
C
lin
ic
al
se
ve
rit
y
sc
or
es
w
er
e
un
ba
la
nc
ed
be
tw
ee
n
gr
ou
ps
,
Sorrentino et al. World Journal of Emergency Surgery  (2017) 12:16 Page 8 of 14
Ta
b
le
1
M
ai
n
st
ud
ie
s
as
se
ss
in
g
m
in
im
al
ly
in
va
si
ve
te
ch
ni
qu
es
fo
r
se
ve
re
ne
cr
ot
iz
in
g
pa
nc
re
at
iti
s
(C
on
tin
ue
d)
IC
U
st
ay
an
d
ho
sp
ita
liz
at
io
n
w
er
e
si
gn
ifi
ca
nt
ly
re
du
ce
d
w
ith
ET
N
.
re
tr
os
pe
ct
iv
e
st
ud
y,
sm
al
l
nu
m
be
r
of
pa
tie
nt
s
Ba
ng
et
al
.[
26
]
En
do
sc
op
ic
tr
an
sg
as
tr
ic
dr
ai
na
ge
±
ET
N
vs
.“
al
go
rit
hm
ic
ap
pr
oa
ch
”
in
cl
ud
in
g
en
do
sc
op
ic
dr
ai
na
ge
,E
TN
,P
D
,
pe
rc
ut
an
eo
us
ne
cr
os
ec
to
m
y,
op
en
ne
cr
os
ec
to
m
y,
ob
se
rv
at
io
na
ls
tu
dy
10
0
pa
tie
nt
s
(4
7
en
do
sc
op
ic
tr
an
sg
as
tr
ic
dr
ai
na
ge
±
ET
N
vs
.5
3
“a
lg
or
ith
m
ic
ap
pr
oa
ch
”)
Tr
ea
tm
en
t
su
cc
es
s
ra
te
eq
ua
lt
o
91
%
w
ith
“a
lg
or
ith
m
ic
ap
pr
oa
ch
”
vs
.6
0%
w
ith
en
do
sc
op
ic
dr
ai
na
ge
±
ET
N
(p
<
0.
00
1)
.
O
bs
er
va
tio
na
ls
tu
dy
w
ith
ou
t
ra
nd
om
iz
at
io
n,
un
ba
la
nc
ed
ge
nd
er
an
d
ra
ce
be
tw
ee
n
gr
ou
ps
va
n
Sa
nt
vo
or
t
et
al
.[
11
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.V
A
RD
,c
as
e-
m
at
ch
ed
re
tr
os
pe
ct
iv
e
st
ud
y
30
pa
tie
nt
s
(1
5
op
en
ne
cr
os
ec
to
m
y
vs
.1
5
VA
RD
)
Po
st
-o
pe
ra
tiv
e
m
ul
tip
le
or
ga
n
fa
ilu
re
oc
cu
rr
ed
in
2
pa
tie
nt
s
in
VA
RD
gr
ou
p
vs
.1
0
pa
tie
nt
s
tr
ea
te
d
by
op
en
ne
cr
os
ec
to
m
y
(p
=
0.
00
08
).
C
om
pl
ic
at
io
ns
an
d
m
or
ta
lit
y
ra
te
s
w
er
e
eq
ua
l
be
tw
ee
n
gr
ou
ps
.
Re
tr
os
pe
ct
iv
e
st
ud
y,
sm
al
l
nu
m
be
r
of
pa
tie
nt
s
Se
nt
hi
lK
um
ar
et
al
.[
15
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.V
A
RD
,c
as
e-
m
at
ch
ed
re
tr
os
pe
ct
iv
e
st
ud
y
30
pa
tie
nt
s
(1
5
op
en
ne
cr
os
ec
to
m
y
vs
.1
5
VA
RD
)
Po
st
-o
pe
ra
tiv
e
co
m
pl
ic
at
io
ns
in
26
.6
%
of
pa
tie
nt
s
tr
ea
te
d
by
VA
RD
vs
.5
3.
3%
of
pa
tie
nt
s
tr
ea
te
d
by
op
en
ne
cr
os
ec
to
m
y
(p
=
0.
24
8)
.R
e-
in
te
rv
en
tio
ns
,
IC
U
st
ay
,a
nd
ho
sp
ita
liz
at
io
n
w
er
e
si
m
ila
r.
Re
tr
os
pe
ct
iv
e
st
ud
y,
sm
al
l
nu
m
be
r
of
pa
tie
nt
s
Pu
pe
lis
et
al
.[
16
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.u
ltr
as
ou
nd
-
fo
cu
se
d
ne
cr
os
ec
to
m
y,
pr
os
pe
ct
iv
e
st
ud
y
58
pa
tie
nt
s
(3
6
ne
cr
os
ec
to
m
y
vs
.2
2
fo
cu
se
d
ne
cr
os
ec
to
m
y)
Re
so
lu
tio
n
of
se
ps
is
w
as
ea
rli
er
w
ith
fo
cu
se
d
ne
cr
os
ec
to
m
y;
IC
U
st
ay
lo
ng
er
w
ith
op
en
ne
cr
os
ec
to
m
y
(p
=
0.
02
4)
.
M
in
i-i
nv
as
iv
e
tr
an
sg
as
tr
ic
or
pe
rc
ut
an
eo
us
te
ch
ni
qu
es
no
t
co
ns
id
er
ed
.
Tu
et
al
.[
13
]
O
pe
n
ne
cr
os
ec
to
m
y
vs
.V
A
RD
,
re
tr
os
pe
ct
iv
e
st
ud
y
50
pa
tie
nt
s
(3
2
op
en
ne
cr
os
ec
to
m
y
vs
.1
8
VA
RD
)
VA
RD
w
as
as
so
ci
at
ed
w
ith
sh
or
te
r
op
er
at
iv
e
tim
e
(1
30
vs
.1
48
m
in
,p
=
0.
00
7)
an
d
sh
or
te
r
ho
sp
ita
liz
at
io
n
(4
0.
8
vs
.5
5.
9
da
ys
,p
=
0.
05
3)
co
m
pa
re
d
to
op
en
ne
cr
os
ec
to
m
y.
Fe
w
er
co
m
pl
ic
at
io
ns
w
ith
VA
RD
(4
3.
8
vs
.2
7.
8%
).
Re
tr
os
pe
ct
iv
e
st
ud
y
G
lu
ck
et
al
.[
17
]
En
do
sc
op
ic
tr
an
sg
as
tr
ic
dr
ai
na
ge
+
PD
vs
.P
D
on
ly
,r
et
ro
sp
ec
tiv
e
st
ud
y
95
pa
tie
nt
s
(4
9
en
do
sc
op
ic
dr
ai
na
ge
+
PD
vs
.4
6
PD
on
ly
)
En
do
sc
op
ic
dr
ai
na
ge
+
PD
si
gn
ifi
ca
nt
ly
re
du
ce
d
ho
sp
ita
liz
at
io
n,
C
T
sc
an
s,
an
d
ER
C
Ps
(p
<
0.
05
)
co
m
pa
re
d
to
PD
on
ly
.
Re
tr
os
pe
ct
iv
e
st
ud
y
W
oo
et
al
.[
21
]
En
do
sc
op
ic
tr
an
sg
as
tr
ic
dr
ai
na
ge
or
ET
N
vs
.o
pe
n
ne
cr
os
ec
to
m
y
vs
.P
D
30
pa
tie
nt
s
(1
2
en
do
sc
op
ic
tr
ea
tm
en
t
vs
.8
PD
vs
.1
0
op
en
ne
cr
os
ec
to
m
y)
M
ea
n
ho
sp
ita
liz
at
io
n
tim
e
w
as
62
da
ys
w
ith
en
do
sc
op
ic
tr
ea
tm
en
t
vs
.1
01
da
ys
w
ith
PD
an
d
91
da
ys
w
ith
op
en
ne
cr
os
ec
to
m
y
(p
=
0.
04
6)
.
Pa
nc
re
at
ic
fis
tu
la
an
d
ne
w
-o
ns
et
di
ab
et
es
w
er
e
m
or
e
fre
qu
en
t
w
ith
op
en
ne
cr
os
ec
to
m
y
(p
=
0.
04
,p
=
0.
01
2)
.
Re
tr
os
pe
ct
iv
e
st
ud
y,
sm
al
l
nu
m
be
r
of
pa
tie
nt
s
PD
,p
er
cu
ta
ne
ou
s
dr
ai
na
ge
,E
TN
en
do
sc
op
ic
tr
an
sg
as
tr
ic
ne
cr
os
ec
to
m
y,
VA
RD
vi
de
o-
as
si
st
ed
re
tr
op
er
ito
ne
al
de
br
id
em
en
t
Sorrentino et al. World Journal of Emergency Surgery  (2017) 12:16 Page 9 of 14
40% of patients treated by the step-up approach vs. 69%
of patients treated by open necrosectomy (p = 0.006).
However, mortality was equal between groups and the
study was not designed to assess a difference in mortal-
ity. Notably, up to 35% of patients in the step-up
approach group were successfully treated with PD only
without the need of subsequent VARD, suggesting that
aggressive necrosectomy could be spared in favor of sim-
ple drainage of infected fluid in a substantial proportion
of patients.
According to these findings, a large retrospective
study on 189 patients treated in a tertiary referral
center demonstrated a significant benefit of VARD
over open necrosectomy in terms of needed ICU support
(p < 0.0001) and complications (55 vs. 81%, p = 0.001) [12].
Moreover, this study demonstrated also a significant
reduction in mortality with VARD (19 vs. 38%, p = 0.016),
being the use of a minimally invasive necrosectomy an
independent predictor of mortality together with age and
preoperative status of MOF. Other advantages associated
with VARD and globally to retroperitoneal approaches
compared to open necrosectomy with anterior laparotomy
were shorter operative times and shorter hospitalization in
two more recent large-population retrospective study
[13, 14]. Conversely to these evidence, Senthil Kumar
et al. reported that post-operative complications were
fewer but not significantly different with VARD com-
pared to open necrosectomy, being re-intervention
rate, ICU stay, and overall hospital stay similar be-
tween groups [15]. This study was case-matched, but
its retrospective design and the small size of cohort
could explain those controversial findings.
Interestingly, retroperitoneal debridement could be
further improved by ultrasound-guided navigation and
positioning of percutaneous catheters. Pupelis et al.
demonstrated an earlier resolution of sepsis and a
shorter ICU stay with ultrasound-guided focused necro-
sectomy compared to conventional open necrosectomy
in a cohort of 58 patients [16]. Minimally invasive retro-
peritoneal necrosectomy and PD are particularly suitable
in case of lateral necrotic collections extended in the
retroperitoneal gutters, but central WOPN are much less
manageable with these approaches. Endoscopic transgas-
tric routes could represent a better indication for such
collections. Recently, Gluck et al. have retrospectively
evaluated the clinical impact of adding endoscopic trans-
gastric drainage to PD compared to PD alone on 95 cases
of necrotizing pancreatitis [17]. Endoscopic drainage led
to shorter length of stay, fewer CT scans, and reduced use
of ERCP (p < 0.05), although mortality did not vary
between cohorts.
However, endoscopic drainage can easily resolve fluid
collections, while it could be less effective for mostly
solid WOPN. Indeed, in 2009, Gardner and colleagues
investigated the use of endoscopic transgastric drainage
vs. ETN and found that WOPN successfully resolved in
88% of patients treated by ETN vs. 45% of patients
treated by endoscopic drainage only, with the same
number of procedures (p < 0.01) [18]. Subsequently, two
studies have explored the clinical benefit of ETN vs. PD
or open necrosectomy: ETN was found to be superior in
clinical remission rate, reduced complications, shorter
hospitalization, and ICU stay [19, 20]. In particular,
major complications were recorded in 86% of open
necrosectomy patients vs. 27% only in ETN patients
[20]. More recently, Woo et al. retrospectively compared
ETN, PD, and open necrosectomy on 30 patients: the
mean hospitalization time was 62 days with ETN,
91 days with open necrosectomy, and 101 days with PD
(p = 0.046), but pancreatic fistula and new-onset dia-
betes were more frequent with open necrosectomy [21].
Then, literature review demonstrated that both retro-
peritoneal and endoscopic transgastric mini-invasive
techniques are associated with less complications com-
pared to open necrosectomy in management of infected
or unsolving or symptomatic WOPN. However, few
clinical trials have compared the alternative use of these
minimally invasive procedures, and fewer studies have
investigated and reported their combination. The PEN-
GUIN trial investigated the use of ETN in 10 patients
compared to open necrosectomy or VARD in 10 patients
and demonstrated superiority of the former technique in
terms of reduced global morbidity and mortality rate,
from 80 to 20% [22]. These results should be prudently
considered, but certainly, a noninferiority of ETN versus
VARD could be inferred. Conversely, a retrospective
study on 62 patients comparing open necrosectomy vs.
VARD and vs. ETN showed a significant reduction both
in complications and in mortality with the mini-invasive
approaches compared to open necrosectomy [23].
Notably, both VARD and ETN were superior to open
surgery, but the two mini-invasive techniques themselves
had almost equivalent outcomes. Interestingly, the rate
of re-laparotomy was higher in the ETN group because
of free gastric perforation, a specific complication of the
technique which occurred in 28% of cases, particularly
when a proper transgastric window for the procedure
with a large contact between gastric wall and WOPN is
not present.
More recently, the TENSION trial has been designed
to compare the surgical step-up approach (PD followed
by VARD) versus the endoscopic step-up approach
(endoscopic transgastric drainage followed by ETN);
results of the TENSION trial are intensely expected [24].
However, again the two pathways have been considered
as separate alternatives and not as possibly combined
procedures. Conjugation of the two techniques has been
recently reported in literature for the first time on a
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patient with severe acute pancreatitis complicated by
infected WOPN extended laterally to the retroperitoneal
spaces, similarly to our patient [8]. In this case report,
the WOPN was complicated by multiple enteric fistulae,
and endoscopic transgastric drainage was necessarily
completed by VARD for a proper control of retroperi-
toneal collections, suggesting that a mini-invasive
approach combining all the abovementioned techniques
could maximize the clinical benefit in the critically ill
patient [8].
Indeed, as previously stated, ETN is preferable for
management of pancreatic or peri-pancreatic WOPN,
while lateral collections are preferentially treated by PD
or VARD based on the proportion of fluid and solid
necrosis. Moreover, lateral collections could spread not
only from a medial WOPN as a result of necrosis exten-
sion but also if retroperitoneal compartmentalization is
lost after transgastric necrosectomy and lavage through
a naso-cystic tube, with subsequent spread of necrotic
fluids in communicating recesses and cavities. In these
cases, PD for fluid collections and VARD for more solid
collections may be taken in consideration.
A large retrospective study has compared open necro-
sectomy vs. a step-up approach consisting in transgastric
drainage and/or ETN and/or PD in 220 patients affected
by severe necrotizing pancreatitis [25]. Interestingly, this
study assessed the usefulness of combination of trans-
gastric and percutaneous routes to control infected ne-
crosis, although the use of VARD was not reported. The
study showed a markedly reduced complications rate
with the step-up approach (44.7 vs. 73.3%, p < 0.001),
together with lower mortality (10.5 vs. 33.3%, p =
0.002) and lower incidence of diabetes (4.7 vs. 33.3%,
p < 0.001) compared to open necrosectomy. However,
18.9% of step-up approach patients later required
open necrosectomy [25].
Finally, an observational study without randomization
on 100 patients has compared upfront endoscopic trans-
gastric drainage with or without ETN vs. a so-called
algorithmic approach which consisted of a stepwise
combined approach based on size and location of
WOPN [26]. If WOPN was central and <12 cm in diam-
eter, endoscopic transgastric drainage was performed as
a first-line treatment. In case of WOPN >12 cm or
extended to the retroperitoneal gutters or not respond-
ing after endoscopic transgastric drainage, ETN was
performed by creating multiple transgastric conduits
(multiple transluminal gateway technique). Suboptimal
response after four procedures was probably related to
the prevalent lateral extension of WOPN into the retro-
peritoneum; therefore, a percutaneous sinus tract endo-
scopic necrosectomy was subsequently performed. In
case of failure of the abovementioned techniques, open
necrosectomy was considered. Interestingly, treatment
success rate was significantly higher for “algorithmic
approach” compared to upfront endoscopic drainage or
ETN (91 vs. 60%, p < 0.001) [26]. Moreover, using the
algorithmic approach was the only independent pre-
dictor of successful treatment, although open necro-
sectomy was included among treatments. This study
was not designed as a randomized trial and VARD was
not used; therefore, its findings should be cautiously
considered. However, it suggests that even open necro-
sectomy could still be a proper indication as a last
chance in selected patients, if a wise and thoughtful
combination of minimally invasive approaches is used.
The key for success for WOPN management could rely
in a proper timing of multiple adequate treatments,
rather than in type of treatment itself.
Discussion
The step-up approach is becoming a treatment option
for necrotizing acute pancreatitis instead of early
surgery. Its philosophy is expressed by the “3D” concept:
delay, drain, and debride [27]. It means that the optimal
management should include a first step of intensive care
treatment for recovery from challenging clinical condi-
tions, waiting the formation of WOPN. Generally, this
step should last 4 weeks at least, when a well-defined
walled-off necrosis or pseudocyst is expected. Then, a
second step for percutaneous or endoscopic drainage
should follow, eventually completed by the third step
which consists of minimally invasive surgery if debridement
is needed [6, 27].
In the presented case, 6 weeks were necessary before a
well-defined, although not capsulated, necrotic collec-
tion near the pancreatic head was visible. Since the
worsening of clinical conditions notwithstanding max-
imal intensive care support, an ETN was first attempted
for central WOPN, while PD was preferred on the left
retroperitoneal collection since it was mostly fluid and
in a lateral position, easily approachable by ultrasound
exploiting the lumbar window. However, despite a sig-
nificant reduction in size of these infected collections
after repeated ETN with a proper antibiotic therapy,
sepsis control was still not achieved and the right retro-
peritoneal collection progressively increased. The VARD
was chosen instead of PD because of the semi-solid na-
ture of the right collection. VARD allowed a prompt
and extensive debridement of most of the right retro-
peritoneal infected necrosis, with a fast resolution of
severe sepsis.
Most of the abovementioned studies have demon-
strated a better clinical outcome with minimally invasive
techniques compared to open necrosectomy. However,
due to the heterogeneity of these studies and between
each case of necrotizing pancreatitis, definitive evidence-
based conclusions about the best surgical approach are
Sorrentino et al. World Journal of Emergency Surgery  (2017) 12:16 Page 11 of 14
currently difficult to be drawn. Only few randomized
clinical trials are available on this topic, but these
evidence could be biased by small number of patients or
a study design not suitable to assess differences in mor-
tality, which should be a main endpoint. Several other
studies were based on retrospectively reviewed cohorts
of patients treated in different centers or in the same
hospital but by different surgeons with different
approaches and different timings. Therefore, the differ-
ences in outcomes between open necrosectomy and
minimally invasive techniques could be also explained
by the delayed time often occurred before the use of
ETN or PD or VARD compared to open necrosectomy
and not only by significant morbidity associated with
surgical necrosectomy itself [28]. Moreover, other vari-
ables could have impacted on outcomes, such as the
preferential use of early enteral feeding or the possible
clinical stabilization in ICU before any invasive proced-
ure. This point was endorsed by the recent work by
Bang and colleagues, which demonstrated that a step-
by-step approach even including open necrosectomy
could be associated with a significantly higher success
rate than endoscopic debridement as a stand-alone
therapy [26]. These data suggest that probably, it is not
the specific technique itself to determine the outcome,
but a wise multi-staged combined approach with ad-
equate timing, possibly including surgical necrosectomy
if indicated.
Furthermore, minimally invasive techniques are not
free from severe complications. Severe hemorrhage is
widely reported, occurring in up to 20% of patients after
VARD [7, 23]. A mortality rate up to 30–40% is ob-
served in case of procedure-related hemorrhage, being
this risk particularly high in early procedures due to the
intensively vascularized inflammatory collections and the
frequent impairment in coagulation [6]. Therefore, a
hybrid room should be available 24/24 for emergency
hemorrhage control, both intravascular and/or surgical,
in case of life-threatening bleeding.
Also, colonic perforation is reported as a complica-
tion of VARD in 15% of patients, but it is unusual if
necrosectomy is avoided in the first weeks, thanks to
the easier feasibility after procedure delay [29, 30].
Therefore, avoiding necrosectomy in the first weeks
after necrotizing pancreatitis facilitates procedures on
necrotic collections and improves the outcome, as
what occurred in our case.
A specific complication of ETN could be gastric
perforation. In the trial by Bausch et al., ETN was asso-
ciated with gastric perforation in about one third of
patients, who required immediate laparotomy [23].
Moreover, extended or repeated ETN could lead to
iatrogenic injuries to the common bile duct or pancreas,
with subsequent biliary or pancreatic fistula. In our case,
a biliary leakage became evident in the third ETN,
suggesting biliary fistulization with the WOPN. Biliary
fistula secondary to acute pancreatitis has been rarely
reported, and its pathogenesis could be related to the
peri-pancreatic necrotic erosion of the common bile
duct as well as direct necrosis or autodigestion of the
extrahepatic biliary system, or possible iatrogenic injury
during necrosectomy [31–33].
In our case, biliary fistula was not evident on CT scan
since classical signs such as air into the biliary tree or
interruption of choledocal wall opening into the WOPN
were not visible; however, the appearance of bile in the
WOPN cavity during necrosectomy may be considered a
direct sign of biliary fistula [32]. ERCP confirmed the
presence of biliary fistula involving distal common bile
duct. Management options include primary reconstruc-
tion of bile duct with or without Kehr tube, biliary
diversion, and in extremis, pancreaticoduodenectomy
[9, 32–34]. Since the biliary lesion appeared to be small,
a stenting was decided with resolution of the leak.
Bilio-pancreatic endoscopy and stenting still has not a
clear role in severe necrotizing pancreatitis complicated
by biliary fistula, while its role in case of fistulization to
pseudocyst is much more practiced [35, 36].
Our case suggests that the evident advantages of min-
imally invasive techniques should be always cautiously
considered together with their potential drawbacks.
Maybe treating our patient with delayed open necrosect-
omy without ETN would have spared a biliary complica-
tion to the patient, shortening the clinical course with a
better clinical outcome. A priori exclusion of open
necrosectomy, if indicated, should be discouraged.
Moreover, a delayed VARD was necessary due to on-
going sepsis and extended WOPN after several weeks
from admission, probably because endoscopic necrosect-
omy was not sufficient to achieve an adequate local con-
trol of the WOPN. Therefore, a single minimally
invasive technique could be inadequate to provide a
resolution in such cases of necrotizing pancreatitis. A
persistent repetition of a single treatment, even if
minimally invasive, could lead to further complications
beyond those directly related to the disease itself and
should be discouraged.
Conclusions
To the best of our knowledge, the case presented is the
first one of severe necrotizing pancreatitis complicated
by biliary fistula treated by a combination of ETN, PD,
VARD, and ERCP with biliary stenting. Delay of any pro-
cedure after 4–6 weeks from the onset of pancreatitis
could be helpful for patient stabilization. ETN, VARD,
and PD should be tailored on localization (medial vs. lat-
eral, retroperitoneal vs. intraperitoneal) and on quality
(mostly fluid vs. mostly solid) of the collections. A
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combination of different approaches, even including
open necrosectomy when indicated, could significantly
optimize the clinical management in critically ill patients
affected by complicated necrotizing pancreatitis. Recent
literature supports that mini-invasive approaches are
associated with better outcomes over early open necro-
sectomy. However, minimally invasive techniques are
not free from complications, and surgical necrosectomy
should not be excluded a priori and could still have an
indication in some cases of necrotizing pancreatitis.
Abbreviations
ARDS: Acute respiratory distress syndrome; CVVH: Continuous veno-venous
hemofiltration; ERCP: Endoscopic retrograde cholangiopancreatography;
ETN: Endoscopic transgastric necrosectomy; MOF: Multi-organ failure;
PD: Percutaneous drainage; VARD: Video-assisted retroperitoneal
debridement; WOPN: Walled-off pancreatic necrosis
Acknowledgements
Not applicable.
Funding
No funding was provided for this study.
Availability of data and materials
Not applicable.
Authors’ contributions
LS, OC, FS, and SC contributed to the design and drafting of the manuscript
and performed and described the surgical procedure. MM performed and
described the endoscopic procedures. PB followed and described the
management of the patient in the intensive care unit. All authors edited,
read, and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
An informed consent for publishing the abovementioned data has been
obtained in oral and written form by the patient.
Ethics approval and consent to participate
Not applicable.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Trauma Team and Emergency Surgery, Niguarda Trauma Center, Niguarda
Ca’ Granda Hospital, Piazza Ospedale Maggiore 3, Milan 20162, Italy.
2Digestive Endoscopy Service, Niguarda Ca’ Granda Hospital, Piazza Ospedale
Maggiore 3, Milan 20162, Italy. 3Intensive Care Unit, Niguarda Trauma Center,
Niguarda Ca’ Granda Hospital, Piazza Ospedale Maggiore 3, Milan 20162,
Italy.
Received: 28 December 2016 Accepted: 6 March 2017
References
1. Trikudanathan G, Attam R, Arain MA, Mallery S, Freeman ML.
Endoscopic interventions for necrotizing pancreatitis. Am J
Gastroenterol. 2014;109(7):969–81.
2. Werge M, Novovic S, Schmidt PN, Gluud LL. Infection increases mortality in
necrotizing pancreatitis: a systematic review and meta-analysis.
Pancreatology. 2016; Jul 9 [Epub ahead of print].
3. Larvin M, McMahon MJ. APACHE-II score for assessment and monitoring of
acute pancreatitis. Lancet. 1989;2(8656):201–5.
4. Fagniez PL, Panis Y. Surgical treatment of acute pancreatitis. Rev Prat. 1996;
46(6):704–8.
5. Hackert T, Büchler MW. Decision making in necrotizing pancreatitis. Dig Dis.
2016;34(5):517–24.
6. Logue JA, Carter CR. Minimally invasive necrosectomy techniques in severe
acute pancreatitis: role of percutaneous necrosectomy and video-assisted
retroperitoneal debridement. Gastroenterol Res Pract. 2015;2015:693040.
7. van Santvoort HC, Besselink MG, Bakker OJ, Hofker HS, Boermeester MA, Dejong
CH, van Goor H, Schaapherder AF, van Eijck CH, Bollen TL, van Ramshorst B,
Nieuwenhuijs VB, Timmer R, Laméris JS, Kruyt PM, Manusama ER, van der Harst
E, van der Schelling GP, Karsten T, Hesselink EJ, van Laarhoven CJ, Rosman C,
Bosscha K, de Wit RJ, Houdijk AP, van Leeuwen MS, Buskens E, Gooszen HG,
Dutch Pancreatitis Study Group. A step-up approach or open necrosectomy for
necrotizing pancreatitis. N Engl J Med. 2010;362(16):1491–502.
8. Fagenholz PJ, Thabet A, Mueller PR, Forcione DG. Combined endoscopic
trangastric drainage and video assisted retroperitoneal pancreatic
debridement—the best of both worlds for extensive pancreatic necrosis
with enteric fistulae. Pancreatology 2016; Jun 19 [Epub ahead of print].
9. Chaudhary A, Sachdev A, Negi S. Biliary complications of pancreatic
necrosis. Int J Pancreatol. 2001;29(3):129–31.
10. Carter CR, McKay CJ, Imrie CW. Percutaneous necrosectomy and sinus tract
endoscopy in the management of infected pancreatic necrosis: an initial
experience. Ann Surg. 2000;232(2):175–80.
11. van Santvoort HC, Besselink MG, Bollen TL, Buskens E, van Ramshorst B,
Gooszen HG, Dutch Acute Pancreatitis Study Group. Case-matched
comparison of the retroperitoneal approach with laparotomy for
necrotizing pancreatitis. World J Surg. 2007;31(8):1635–42.
12. Raraty MG, Halloran CM, Dodd S, Ghaneh P, Connor S, Evans J, Sutton R,
Neoptolemos JP. Minimal access retroperitoneal pancreatic necrosectomy:
improvement in morbidity and mortality with a less invasive approach. Ann
Surg. 2010;251(5):787–93.
13. Tu Y, Jiao H, Tan X, Sun L, Zhang W. Laparotomy versus retroperitoneal
laparoscopy in debridement and drainage of retroperitoneal infected
necrosis in severe acute pancreatitis. Surg Endosc. 2013;27(11):4217–23.
14. Guo Q, Lu H, Hu W, Zhang Z. A retroperitoneal approach for infected
pancreatic necrosis. Scand J Gastroenterol. 2013;48(2):225–30.
15. Senthil Kumar P, Ravichandran P, Jeswanth S. Case matched comparison
study of the necrosectomy by retroperitoneal approach with transperitoneal
approach for necrotizing pancreatitis in patients with CT severity score of 7
and above. Int J Surg. 2012;10(10):587–92.
16. Pupelis G, Fokin V, Zeiza K, Plaudis H, Suhova A, Drozdova N, Boka V.
Focused open necrosectomy in necrotizing pancreatitis. HPB (Oxford).
2013;15(7):535–40.
17. Gluck M, Ross A, Irani S, Lin O, Gan SI, Fotoohi M, Hauptmann E, Crane R, Siegal
J, Robinson DH, Traverso LW, Kozarek RA. Dual modality drainage for
symptomatic walled-off pancreatic necrosis reduces length of hospitalization,
radiological procedures, and number of endoscopies compared to standard
percutaneous drainage. J Gastrointest Surg. 2012;16(2):248–56.
18. Gardner TB, Chahal P, Papachristou GI, Vege SS, Petersen BT, Gostout CJ, Topazian
MD, Takahashi N, Sarr MG, Baron TH. A comparison of direct endoscopic
necrosectomy with transmural endoscopic drainage for the treatment of walled-
off pancreatic necrosis. Gastrointest Endosc. 2009;69(6):1085–94.
19. Kumar N, Conwell DL, Thompson CC. Direct endoscopic necrosectomy
versus step-up approach for walled-off pancreatic necrosis: comparison of
clinical outcome and health care utilization. Pancreas. 2014;43(8):1334–9.
20. Tan V, Charachon A, Lescot T, Chafaï N, Le Baleur Y, Delchier JC, Paye F.
Endoscopic transgastric versus surgical necrosectomy in infected pancreatic
necrosis. Clin Res Hepatol Gastroenterol. 2014;38(6):770–6.
21. Woo S, Walklin R, Wewelwala C, Berry R, Devonshire D, Croagh D.
Interventional management of necrotizing pancreatitis: an Australian
experience. ANZ J Surg. 2015 Nov 24 [Epub ahead of print]
22. Bakker OJ, van Santvoort HC, van Brunschot S, Geskus RB, Besselink MG,
Bollen TL, van Eijck CH, Fockens P, Hazebroek EJ, Nijmeijer RM, Poley JW,
van Ramshorst B, Vleggaar FP, Boermeester MA, Gooszen HG, Weusten BL,
Timmer R, Dutch Pancreatitis Study Group. Endoscopic transgastric vs
surgical necrosectomy for infected necrotizing pancreatitis: a randomized
trial. JAMA. 2012;307(10):1053–61.
23. Bausch D, Wellner U, Kahl S, Kuesters S, Richter-Schrag HJ, Utzolino S, Hopt
UT, Keck T, Fischer A. Minimally invasive operations for acute necrotizing
pancreatitis: comparison of minimally invasive retroperitoneal necrosectomy
with ETN. Surgery. 2012;152(3):S128–34.
Sorrentino et al. World Journal of Emergency Surgery  (2017) 12:16 Page 13 of 14
24. van Brunschot S, van Grinsven J, Voermans RP, Bakker OJ, Besselink MG,
Boermeester MA, Bollen TL, Bosscha K, Bouwense SA, Bruno MJ, Cappendijk
VC, Consten EC, Dejong CH, Dijkgraaf MG, van Eijck CH, Erkelens GW, van
Goor H, Hadithi M, Haveman JW, Hofker SH, Jansen JJ, Laméris JS, van
Lienden KP, Manusama ER, Meijssen MA, Mulder CJ, Nieuwenhuis VB, Poley
JW, de Ridder RJ, Rosman C, Schaapherder AF, Scheepers JJ, Schoon EJ,
Seerden T, Spanier BW, Straathof JW, Timmer R, Venneman NG, Vleggaar FP,
Witteman BJ, Gooszen HG, van Santvoort HC, Fockens P, Dutch Pancreatitis
Study Group. Transluminal endoscopic step-up approach versus minimally
invasive surgical step-up approach in patients with infected necrotising
pancreatitis (TENSION trial): design and rationale of a randomised controlled
multicenter trial [ISRCTN09186711]. BMC Gastroenterol. 2013;13:161.
25. Rasch S, Phillip V, Reichel S, Rau B, Zapf C, Rosendahl J, Halm U, Zachäus M,
Müller M, Kleger A, Neesse A, Hampe J, Ellrichmann M, Rückert F, Strauß P,
Arlt A, Ellenrieder V, Gress TM, Hartwig W, Klar E, Mössner J, Post S, Schmid
RM, Seufferlein T, Siech M, Werner J, Will U, Algül H. Open surgical versus
minimal invasive necrosectomy of the pancreas—a retrospective
multicenter analysis of the German Pancreatitis Study Group. PLoS One.
2016;11(9):e0163651.
26. Bang JY, Holt BA, Hawes RH, Hasan MK, Arnoletti JP, Christein JD, Wilcox
CM, Varadarajulu S. Outcomes after implementing a tailored endoscopic
step-up approach to walled-off necrosis in acute pancreatitis. Br J Surg.
2014;101(13):1729–38.
27. Besselink MG. The ‘step-up approach” to infected necrotizing pancreatitis:
delay, drain, debride. Dig Liver Dis. 2011;43(6):421–2.
28. Doctor N, Philip S, Gandhi V, Hussain M, Barreto SG. Analysis of the delayed
approach to the management of infected pancreatic necrosis. World J
Gastroenterol. 2011;17(3):366–71.
29. Ulagendra Perumal S, Pillai SA, Perumal S, Sathyanesan J, Palaniappan R.
Outcome of video-assisted translumbar retroperitoneal necrosectomy and
closed lavage for severe necrotizing pancreatitis. ANZ J Surg. 2014;84(4):270–4.
30. Besselink MG, van Santvoort HC, Nieuwenhuijs VB, Boermeester MA, Bollen
TL, Buskens E, Dejong CH, van Eijck CH, van Goor H, Hofker SS, Lameris JS,
van Leeuwen MS, Ploeg RJ, van Ramshorst B, Schaapherder AF, Cuesta MA,
Consten EC, Gouma DJ, van der Harst E, Hesselink EJ, Houdijk LP, Karsten
TM, van Laarhoven CJ, Pierie JP, Rosman C, Bilgen EJ, Timmer R, van der
Tweel I, de Wit RJ, Witteman BJ, Gooszen HG, Dutch Acute Pancreatitis
Study Group. Minimally invasive ‘step-up approach’ versus maximal
necrosectomy in patients with acute necrotising pancreatitis (PANTER trial):
design and rationale of a randomised controlled multicenter trial
[ISRCTN13975868]. BMC Surg. 2006;6:6.
31. Sakorafas GH, Sarr MG, Farnell MB. Pancreaticobiliary fistula: an unusual
complication of necrotising pancreatitis. Eur J Surg. 2001;167(2):151–3.
32. Brar R, Singh I, Brar P, Prasad A, Doley RP, Wig JD. Pancreatic choledochal
fistula complicating acute pancreatitis. Am J Case Rep. 2012;13:47–50.
33. Dhall JC, Marwah S, Singh RB, Marwah N, Mathur SK. Extra-hepatic biliary-
ductal necrosis in acute pancreatitis: a rare complication. Pediatr Surg Int.
2000;16(3):209–10.
34. Miller BM, Traverso LW, Freeny PC. Intrapancreatic communication of bile
and pancreatic ducts secondary to pancreatic necrosis. Arch Surg. 1988;
123(8):1000–3.
35. Al Ali JA, Chung H, Munk PL, Byrne MF. Pancreatic pseudocyst with fistula
to the common bile duct resolved by combined biliary and pancreatic
stenting—a case report and literature review. Can J Gastroenterol. 2009;
23(8):557–9.
36. Wysocki AP, McKay CJ, Carter CR. Infected pancreatic necrosis: minimizing
the cut. ANZ J Surg. 2010;80(1-2):58–70.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Sorrentino et al. World Journal of Emergency Surgery  (2017) 12:16 Page 14 of 14
